This study assesses the long-term outcomes in Han Chinese patients with clinical stage I non-seminomatous germ cell testicular cancer (CSI NSGCT) treated with surveillance, retroperitoneal lymph node dissection (RPLND) and adjuvant chemotherapy. We retrospectively evaluated 89 patients with a mean age of 26.5 years. After orchiectomy, 37 patients were treated with surveillance, 34 underwent RPLND and 18 were managed with chemotherapy. The overall survival rate, the recurrence-free survival rate and the risk factors were evaluated. The median follow-up length was 92 months (range: 6-149 months). Thirteen of the 89 patients (14.6%) had relapses, and one died by the evaluation date. The overall survival rate was 98.9%. The cumulative 4-year recurrence-free rates were 80.2%, 92.0% and 100% for the surveillance, RPLND and chemotherapy groups, respectively. The disease-free period tended to be briefer in patients with a history of cryptorchidism and those with stage Is. Therefore, surveillance, RPLND and adjuvant chemotherapy might be reliable strategies in compliant patients with CSI NSGCT. Surveillance should be recommended for patients with the lowest recurrence rate, especially those without lymphovascular invasion. This study might aid the establishment of a standard therapy for CSI NSGCT in China.
INTRODUCTION
The worldwide incidence of testicular cancer has doubled over the last 40 years. This cancer constitutes 2% of all malignancies. 1 In 2012, 8590 new cases of testicular cancer were estimated to be diagnosed in the United States. 2 The incidence rate ranges from approximately 1/100 000 in China to 9.2/100 000 in Denmark. 3 The majority of testicular cancer cases occur between the ages of 15 and 34 years. 4 Testicular cancer is classified into two major types: seminomas and non-seminomatous germ cell tumours (NSGCTs). NSGCTs include yolk sac tumour, embryonal carcinoma, choriocarcinoma and teratoma with mature or immature elements. Approximately 60% of patients with NSGCTs are in clinical stage I at diagnosis. 5 Treatments include surveillance, retroperitoneal lymph node dissection (RPLND) and adjuvant chemotherapy after initial orchiectomy. All management protocols yield cancer-specific survival rates of 98%-99% with or without risk factors. 6, 7 Currently, selecting the appropriate treatment for clinical stage I non-seminomatous germ cell testicular cancer (CSI NSGCT) remains controversial. According to the National Comprehensive Cancer Network, surveillance was recommended for patients with a low recurrence risk. The relapse rate for this strategy is approximately 30%. For patients who cannot manage the psychological distress of recurrence, chemotherapy or RPLND is possible option. No consensus exist regarding which strategy should be preferred in China. [8] [9] [10] [11] The current challenge in managing CSI NSGCT is to achieve a cure with minimal acute or long-term toxicity related to treatment. The inherent risks of treatment are associated with radiation exposure through repeated computed tomography scans, the added morbidity of chemotherapy-induced cardiopulmonary toxicities and secondary malignancies. [12] [13] [14] Patients treated for testicular cancer have a higher risk of ejaculatory, orgasmic and erectile dysfunction (ED) compared with healthy males. A meta-analysis revealed that ED was reported in 11.5% of the available retrospective studies and in 14% of the prospective studies. 15 Several studies have reported on the prognostic factors concerning occult metastatic disease in patients with CSI NSGCT, but the long-term oncological results with regard to Han Chinese patients remain unknown. This study retrospectively reviews the patients with CSI NSGCT treated at the urological department of Shenzhen Second People's Hospital, Shenzhen PKU-HKUST Medical Centre and Sun Yat-Sen University Cancer Centre in Guangdong, China, from 1997 to 2011. This study evaluates the long-term outcomes of the applied treatment strategies of surveillance, RPLND and adjuvant chemotherapy in Han Chinese patients.
MATERIALS AND METHODS

Patients
Of the 492 consecutive testicular cancer patients treated at Shenzhen Second People's Hospital, Shenzhen PKU-HKUST Medical Centre and Sun Yat-Sen University Cancer Centre, 205 were diagnosed with non-seminomatous tumours between January 1997 and December 2011. All the patients were Han Chinese and 89 patients (43.4%) were in stage I. Forty of the 89 patients (44.9%) were in stage Ia. Twelve (13.5%) were in stage Ib, and 37 (41.6%) were in stage Is. The median age of the patients was 26.5 years (range: 1-66 years) at the time of orchiectomy. Thirty-nine were primary right tumours and 49 were on the left side. One patient had tumours in both testicles ( Table 1) .
The patients underwent initial clinical staging at the time of orchiectomy. A history, a physical examination and a computed tomography scan of the thorax, abdomen and pelvis (at 5-mm intervals) confirmed the clinical staging. An assay of serum tumour markers including b-human chorionic gonadotropin, a-fetoprotein and lactic dehydrogenase were assessed before and after orchiectomy and weekly throughout the follow-up period until the final clinical staging. Stage Is was defined as persistent elevated serum tumour markers without clinical or radiographic evidence of disease. A restaging 7-8 weeks after orchiectomy confirmed this diagnosis. Definitive staging was defined according to the American Joint Committee on Cancer stage groupings ( Table 2) .
Treatments
After the orchiectomy and staging, each patient was given a thorough explanation of the advantages and disadvantages of the three treatment alternatives (surveillance, RPLND and adjuvant chemotherapy). The treatment options were recommended based on the National Comprehensive Cancer Network guidelines (2012). 4 A vascular or lymphatic invasion of the primary tumour was used to discriminate between the low-risk and high-risk patients. The patients were offered the choice of treatment.
If vascular or lymphatic invasion was not present or there was less than 50% embryonal carcinoma, then surveillance was recommended with strict follow-ups.
RPLND was suggested for the patients with predominant teratomas or for those who were opposed to chemotherapy or surveillance. Primary modified retroperitoneal lymph node dissection was performed for the patients who entered the RPLND programme. The surgery for right-sided tumours included the paracaval, precaval, upper interaortocaval, para-aortic and right iliac node. For left-sided tumours, the para-aortic, upper interaortocaval, upper pre-aortic and left iliac areas were resected. 16, 17 Dissection below the origin of the inferior mesenteric artery was not performed unless a palpable mass was present in this area. If the frozen sections of the lymph node showed presence of a tumour, a bilateral RPLND was conducted. The ipsilateral spermatic vein was removed in all cases. If the RPLND results were negative, then no adjuvant chemotherapy was recommended. If the RPLND results were positive, then adjuvant chemotherapy was advised.
Adjuvant chemotherapy was the treatment of choice for the patients with vascular invasion, lymphatic invasion, more than 50% embryonal carcinoma or some combination thereof. Adjuvant chemotherapy treatment included two cycles of the bleomycin, etoposide, cisplatin (BEP) regimen, which consisted of 30 mg of bleomycin on days 1, 5 and 15, over a cycle length of 21 days, 100 mg m 22 of etoposide on days 1 through 5 and 25 mg m 22 of cisplatin on days 1 through 4. Shortterm adjuvant chemotherapy was recommended for the high-risk patients and they were able to choose between one or two courses of BEP, whereas the low-risk patients were able to choose either surveillance or one course of BEP. Chemotherapy with BEP for three cycles was required for the stage Is patients (Figure 1 ). Cancer has spread to retroperitoneal lymph nodes, with normal or slightly high level of serum tumour markers pT1, N0, M0, S0-1 Stage Ib (S Ib)
Cancer has invaded the outer membrane surrounding the testicle, blood or lymphatic vessels within the testicle, or has spread to the spermatic cord or the scrotum, with normal serum markers pT2-4, N0, M0, S0
Stage Is (S Is) Serum tumour markers are persistent elevated without clinical or radiographic evidence of disease pT1-4, N0, M0, S1-3 Stage II (S II) Cancer has spread to any number of regional lymph nodes but not to lymph nodes in other parts of the body or distant organs pT1-4, N1-3, M0, SX Stage III (S III) Cancer has spread to distant lymph nodes or to any organ pT1-4, N0-3, M1, SX
Follow-up visits
The patients were observed using a standardized follow-up protocol. They were seen at bimonthly intervals in year 1, every 3 months in year 2, every 4 months in year 3 and every 6 months thereafter. The minimum follow-up length was 5 years, but 10-year periods were recommended. Physical examinations, serum tumour markers and chest X-rays were obtained at each outpatient visit. Abdominal and pelvic computed tomography scans were performed at every other visit. Routine abdominal and pelvic imaging was not mandatory after 5 years unless the primary tumour showed elements of mature teratoma. Surgery was recommended for the patients with a retroperitoneal relapse larger than 2 cm, those who were suspected of growing a teratoma, or both. No other therapy was provided when the tumour was completely removed. Those who relapsed or developed metastases that were detected early received at least three courses of chemotherapy. The International Index of Erectile Function 5-item questionnaire was routinely used to evaluate the patients for sexual function 2 months after surgery. Disease progression was defined using imaging physical examination evidence, elevated serum tumour markers or Non-seminomatous germ cell cancer ZJ Lv et al 560 both. Acute chemotherapy-related toxicity including haematological, renal, gastrointestinal, pulmonary, neurological toxicity and infectious complications was also evaluated at the follow-up visit.
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Statistical analysis
The patient data were evaluated across a documented follow-up period until February 2011. One man was lost to follow-up. The evaluation included the overall survival rate, the recurrence rate, the relapse time and the predictive risk factors for recurrence. Summary statistics were used to describe the patient sample. Continuous variables were compared using paired t-tests, and categorical variables were compared using Fisher's exact test. The Kaplan-Meier method was used to estimate the overall and recurrence-free survival rate calculated from orchiectomy date until death or from the last known date the patient was alive. Survival curves were compared using the log-rank test. Cox's proportional hazard multivariate regression model was used to explore the effect of the clinicopathological variables on the survival rate. Factors in the multivariate analysis included the patient's age at surgery, the tumour side, the initial treatment after orchiectomy, the history of cryptorchidism and the clinical primary tumour stage. The SPSS (Statistical Package for the Social Sciences) 17.0 (SPSS Inc., Chicago, IL, USA) was used for all data analyses, and P,0.05 was considered significant.
RESULTS
Eighty-nine patients with CSI NSGCT who were treated at Sun Yat-sen University Cancer Center between 1997 and 2011 were identified. The median follow-up visit was 92 months after surgery (range: 6-149 months). The 5-year overall survival rate was 98.9%. At the evaluation date, 13 of the 89 patients (14.6%) had suffered relapses, and one patient had died. This patient, who was initially on RPLND, showed a histological workup of pT3/Is and died of liver cancer 56 months after treatment (Figure 2) . Figure 3 shows the recurrence-free survival rate of the surveillance, RPLND and adjuvant chemotherapy groups. In surveillance group, eight of the 37 patients (21.6%) relapsed. In RPLND group, four of the 34 patients (11.8%) relapsed. Positive lymph nodes were identified at surgery in 15 patients of the 34 patients (44.1%) in RPLND group, and 12 patients received adjuvant chemotherapy after RPLND. Eighteen patients underwent adjuvant chemotherapy after primary orchiectomy, and only one member of this group relapsed (5.6%). The cumulative 4-year recurrence-free rates were 80.2%, 92.0% and 100% in the surveillance, RPLND and adjuvant chemotherapy groups, respectively (P50.441). Figure 4 presents the recurrence-free survival rate for patients with a history of cryptorchidism treated with surveillance, RPLND and adjuvant chemotherapy. In the cryptorchidism group, four of the six patients (66.7%) relapsed, and the cumulative 5-year recurrencefree rate was 61.3% (P50.023).
The recurrence-free survival rates for the patients with different primary tumour stages treated using the three treatments are shown in Figure 5 . The disease-free period was lower in the stage Is patients. The cumulative 4-year recurrence-free rate for primary tumour stages Ia and Ib were 100% and 84.7%, respectively (P,0.001).
In the multivariate analysis of the prognostic variables, the prognostic factors included a history of cryptorchidism (odd ratio 95% confidence intervals: 0.043-0.581, P50.005) and initial treatment after orchiectomy (odd ratio 95% confidence intervals: 0.101-0.855, P50.025; Table 3) .
With regard to sexual function, we excluded those (n530) who preoperatively reported experiencing severe ED, baseline International Index of Erectile Function 5-item score (f7) and those who lacked relevant information needed to assess postoperative erectile function. Of the 59 men evaluated, 12 patients (20.3%) experienced ED 2 months after orchiectomy. The proportions of patients who were reported experiencing ED in the surveillance, RPLND and adjuvant chemotherapy were 5/23 (21.7%), 4/22 (18.2%) and 3/14 (21.4%), respectively. These numbers showed a decreasing trend, but it was not significant (P50.102, chi-square test).
DISCUSSION
Currently, surveillance, RPLND and adjuvant chemotherapy produce cure rates of above 90% for patients with early-stage NSGCT. 18 Our study confirmed this figure by finding a 5-year overall survival rate of 98.9%. Several factors (e.g., histopathology, the disease stage, serum biomarkers, the risk of relapse, immediate and delayed toxicity, the treatment cost and the preferences of the doctor and patient) dictate how individual cases of testicular cancer are treated. In China, the selection of the most appropriate treatment varies across different hospitals. However, the European Association of Urology, the European Germ Cell Cancer Consensus Group and the American NCCN have provided guidelines with respect to the management of CSI NSGCT. In the United States, RPLND remains the standard treatment for most hospitals. In Europe, adjuvant chemotherapy for high-risk patients and surveillance for low-risk patients are more common. 4, 11, 19 The advantage of the surveillance strategy is that up to 86% of patients do not need additional treatment, and relapses can be cured in approximately 100% of cases. In our study, eight patients relapsed, and the cumulative 4-year recurrence-free rate was 80.2%. Patient's compliance and psychological distress regarding the recurrence Non-seminomatous germ cell cancer ZJ Lv et al 561 rate might be the problems. The surveillance strategy can only be performed when sufficient diagnostic skill and equipment are offered and when patients' compliance is guaranteed. 20 RPLND remains the gold standard for the pathologic staging of the retroperitoneum and an effective therapy for patients with minimal nodal involvements. This treatment can remove chemoresistant teratomas because its biological potential is unpredictable. Under ideal conditions, RPLND provides excellent results (i.e., 90% survival with low long-term toxicity). 21 However, patients might be exposed to surgery-associated side effects such as retrograde ejaculation. The relapse rate after RPLND is between 5.8% and 21% in the literature. 22 In our study, four patients (11.8%) had relapsed and one patient had died of liver cancer by the evaluation time.
Chemotherapy is generally the preferred treatment for high-risk disease. Its major advantage is that the rate of tumour recurrence is reduced to less than or equal to 5%. 23 The major disadvantage is the potential overtreatment of up to 70% of unselected stage I patients. The short-term side effects of chemotherapy include nausea and vomiting which can be managed with potent clinical agents; the long-term side effects are decreased fertility and secondary malignancies. 24, 25 Late toxicity and its preventive measures should be adequately addressed with patients. Previous studies have shown that secondary malignancies have emerged as the leading cause of death among testicular cancer survivors. 26, 27 In our study, only one of the 18 patients with chemotherapy relapsed (5.6%). The cumulative 4-year recurrence-free rate was 100%, and grade 3/4 chemotherapy-related toxicity was not found. These findings validate the current use of BEP as an effective treatment to avoid relapses. However, approximately 70% of patients undergo unnecessary treatments when chemotherapy is applied without adequately selecting patients at high risk for progression. 28 The known prognostic factors of testicular cancer include the presence of embryonal carcinoma or undifferentiated cells and vascular or lymphatic invasion. Other predictors of recurrence include the tumour stage, the primary tumour histopathological criteria, the serum tumour marker levels, cell cycle features and immunohistochemical stains such as p53, bcl-2, MIB1 and ip12. 29 Our multivariate analysis revealed that, having a history of cryptorchidism and a initial treatment after orchiectomy predicted relapse. The log-rank analysis also revealed a difference between the patients who had a history and those who had no history of cryptorchidism with regard to recurrence-free survival. Previous studies have reported that men with a history of cryptorchidism are 5-10 times more likely to contact testicular cancer than those who do not have this history. A history of cryptorchidism not only predicts relapse but also guides the optimal treatment and indicates prognosis.
Another finding is that the stage Is patients had a briefer disease-free period and the surveillance treatment had a higher recurrence rate than RPLND and chemotherapy. Stage Is NSGCT is an important indicator in therapy due to the high relapse rate. Davis et al. 30 reported that 11 patients with stage Is NSGCT underwent primary RPLND at Memorial Sloan-Kettering Cancer Centre. All 11 patients subsequently and systemically relapsed during the follow-up period. Certain centers have recommended induction chemotherapy for clinical practice. Usually, three cycles of BEP are needed. The rising levels of a-fetoprotein and beta-human chorionic gonadotropin must be interpreted with caution (except in cases of disseminated nonseminoma) because they might have other causes, such as hepatobiliary disease. 30 Because the disease affects relatively young men and the survival rate has increased, the awareness of long-term sequelae has advanced.
In a prospective study, ED occurred in 12.1% of NSGCT patients. 11 In our study, more than 20% of the patients experienced ED after treatment. Treatment alternatives do not significantly influence ED. Both physiological changes and psychological factors cause sexual problems. A diagnosis of cancer is threatening and has long-lasting negative psychological effects on patients. Adequate information and support may prevent or reduce unnecessary sexual and relational anxieties and suffering.
Finally, the current trial is incomplete and awaits additional study. For instance, the indication for the chosen treatment strategies could not be determined from the retrospectively assessed data. The small number of patients might have affected the reliability and confidentiality of the results. Childhood (,14 years of age) and adults with CSI NSGCT were included in this study; however, this sample is not appropriate because the histologies of these tumours tend to be different. Only ED was evaluated with regard to sexual function after treatment. More life quality problems should be considered in future studies.
In the light of our results, a strategy to identify genetic and molecular predictors will be useful to better select patients who will benefit from adjuvant therapy and avoid overtreatment.
CONCLUSION
This retrospective report is the first to study the clinical outcomes of the different management modalities among patients with CSI NSGCT from 1997 to 2011 in Guangdong, China. The results showed that surveillance, RPLND and adjuvant chemotherapy are all reliable treatment strategies. The disease-free period tended to be briefer in the stage Is patients and those with a history of cryptorchidism. Understanding the outcomes and long-term sequelae in survivors remains an important area of research.
Choosing the correct adjuvant approach in patients with CSI NSGCT must be related to individual prognostic factors and the care capacity of the treating centre. To provide the optimal treatment for every patient, the national standard therapy must be established and strictly followed. A comparison with reports from other parts of China might serve as a guide for the national management of the disease in the future.
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